and some applications toward the HPLC techniques have been reported. The molecularly imprinted polymeric materials can recognize target molecules with the shape-complementary cavities, and their applications in the recognition of biological compounds, drugs, and agrochemicals have been studied. [4] [5] [6] [7] The polymers such as polyacrylate, polystyrene, and polysilane include one of the most frequently used recognition matrices. 8 The great potentiality of conducting polymers toward a number of applications, such as batteries, 9 sensors [10] [11] [12] and ionselective electrodes, 13, 14 has attracted much attention. Among various conducting polymers, polypyrrole (PPy) has been studied in more detail for the last decade. PPy can be synthesized by a chemical and electrochemical polymerization and has many attractive features, such as molecular recognition, and stability on various substrate materials, even in a neutral pH region. However, the electrochemical properties of PPy strongly depend on the redox states: The overoxidized PPy (oPPy) at positive potentials has often been regarded as part of undesirable degradation processes, which lead to the lowering of conductivity and dedoping. 15, 16 Despite these disadvantages, oPPy has been used in some electroanalytical applications which utilize its permselectivity.
Recently, we have reported that an oPPy film and colloid have high enantioselectivity towards amino acids. 10, [17] [18] [19] The porosity of oPPy is made up of the cavity, which is created by dedoping process (extraction of respective dopants) following an irreversible overoxidation of the PPy film and colloid. Moreover, the film and colloid have an excellent enantioselectivity due to their shape-complementary cavities, and a separation of L-alanine has been achieved with the oPPy colloid templated with L-lactic acid (L/D uptake ratio; 9.8). The high enantioselectivity of the oPPy colloid can be assigned to the strong affinity towards L-alanine due to the charge generated during overoxidation and to the shape complementary structure of the cavity (Fig. 1) .
In the present paper, we report on a straightforward attempt to create a shape complementary cavity on the surface of colloids, which is obtained by the single preparation step, together with their uptake ability and enantioselectivity for amino acids.
Experimental

Chemicals
All the chemicals used were of reagent grade and were purchased from Wako and Tokyo Kasei (TCI). Water used was purified by a Milli-Q water system (Millipore).
Preparation of overoxidized polypyrrole colloids
The overoxidized polypyrrole polyvinylpyrrolidone (oPPyPVP) colloid was synthesized by the following method: 1.0 mL pyrrole monomer (14.5 mM) was slowly added with a constant stirring to an aqueous solution (100 mL), containing 1.8 g of Llactic acid (0.2 M), 0.085 g of PVP and an oxidizing agent (0.03 -0.30 M), the mixture was adjusted at pH 4.0 with an aqueous NaOH solution. The oxidizing agents used were K3Fe(CN)6 (standard redox potential: +0.36 V vs. NHE), FeCl3 (+0.77 V) and (NH4)2S2O8 (+2.01 V). The polymerization was carried out at room temperature (27 ± 2˚C) for 15 h. As a reference material, an oPPy colloid overoxidized electrochemically at +1.5 V vs. Ag/AgCl in an aqueous 0.1 M NaOH solution was prepared after the chemical polymerization using an 0.03 M (NH4)2S2O8. The oPPy colloid purified by 3 times centrifugation (at 12000 rpm for 30 min) was redispersed into 30 mL of water, 18 A convenient "one step" preparation process of molecularly imprinted overoxidized-polypyrrole (oPPy) colloids by chemical polymerization and their high uptake ability and enantioselectivity are described. Since an oxidizing agent gives a different standard redox potential and rate of polymerization, the property of the resulting oPPy colloid can be controlled by the kind and concentration of the oxidizing agent. At higher concentrations of (NH4)2S2O8 (0.3 M), the overoxidation of PPy colloid automatically occurred. The extraction of L-lactate as a dopant has created a shapecomplementary cavity on the surface of the oPPy colloid through overoxidation following polymerization. The oPPy colloid exhibited an excellent selectivity not only on the alanine enantiomer but also on the difference in the side-chain size of amino acids. The uptake of oPPy colloid towards L-alanine over D-alanine was 11.3 µmol/g-colloid against 3.6 µmol/g. The molecularly imprinted cavity can also recognize the existences of the OH or CH3 substituents.
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Spectroscopic measurement
The FT-IR spectra of colloid were obtained in the absorption mode as KBr pellets using a Horiba FT-710 spectrometer. The UV-vis spectra of colloids dispersed in aqueous solutions were recorded using a quartz cell on a Shimadzu UV-2400 PC spectrophotometer.
Fluorescence derivatization and measurement
The uptake procedure of alanine into colloidal particles was reported elsewhere in detail. 19 Alanine was determined by the fluorescence spectrometry or high performance capillary electrophoresis (HPCE). The fluorescence from the alanine-ophthalaldehyde (OPA) adduct was recorded with a Hitachi Model F-2500 fluorescence spectrometer; the detailed procedures for the fluorometry was reported elsewhere. 19 HPCE experiments were carried out with an Agilent Technologies G1602A 3D system equipped with a 50 µm × 56 cm fused silica capillary with a bubble cell capillary at an operating voltage of 20 kV. Pherograms were recorded in a range of 190 and 600 nm, and the absorbance at 334 nm was used for determination of amino acids. A migration buffer used was an aqueous solution consisting of 10 mM OPA, 10 mM 3-mercaptopropionic acid and 2 mM ethylenediaminetetraacetic acid dissolved in a pH 10.5 buffer, which involved 50 mM boric acid dissolved in an NaOH solution to adjust the pH to 10.5.
Calculation of the molecular volumes for amino acids MO calculation was carried out with the PM3 approximation by using WinMOPAC software ver. 2.0 (Fujitsu), and the molecular volume of amino acids was evaluated with FREE WHEEL software ver. 0.57T (Butch Software) by using the calculated molecular structures.
Results and Discussion
Effects of oxidizing agents on the spectroscopic property of PPyPVP colloid
UV-vis absorption spectra of PPyPVP colloids prepared by given oxidizing agents (0.03 M) are shown in Fig. 2 . The π-π * transition and bipolaron bands of PPy are observed at 420 and 860 nm, respectively.
20,21
The spectrum (a) shows a typical behavior of oxidized PPy (conducting form): The relative intensity around 860 nm, which decreases in the curves (b) and (c), is attributed to the bipolarons and the decrease in the band depends on the standard redox potentials, as mentioned above. It is found that the high redox potential accelerates the rate of polymerization to promote the formation of the conducting phase in the PPy. This suggests that the (NH4)2S2O8 has a suitable oxidizing power (+2.01 V vs. NHE) for our purpose.
Preparation of oPPy colloid
The effect of the concentration of an oxidizing agent on the over-oxidation degree of PPy was investigated as shown in Fig.  3 . The concentration of (NH4)2S2O8 as an oxidizing agent was changed from 0.01 M (a) to 0.30 M (f) in a monomer solution. The band at 860 nm increased with an increase in the concentration of the oxidizing agent as seen in curves (a -d). However, with a further increase in the concentration (curve e), the absorbance was found to decrease and it disappeared at the higher concentration of 0.30 M (as shown in curve f). The spectrum (f) agrees well with that of the insulating form of PPy. 20, 21 The increase in the band intensity at 860 nm signifies the formation of a conducting phase in the PPy colloid and seems to reflect the accelerated rate of polymerization of PPy colloid. On the contrary, at higher concentrations of oxidizing agent (0.15 and 0.30 M), the decrease and disappearance of the bipolaron band indicate the destruction of the conjugated structure of PPy. To give clearer evidence for these results, FT-IR characterization of the PPy colloids prepared at identical conditions was examined. A remarkable change in the FT-IR spectra of the colloids with an increase in the concentration of oxidizing agent is shown in Fig. 4 . The peak at 1558 cm -1 is assignable to the C=C stretching vibration of the PPy conjugation system, 20 and the C-N stretching vibrations of PPy and PVP appear at 1223 cm -1 . 22, 23 The intensities at 1651 and 1292 cm -1 in curve a are assigned to C=O and C-O stretching vibrations belonging to lactic acid. 22 These peak intensities decreased with an increase in the concentration of oxidizing agent in curves a to c. The bands at 1651 and 1292 cm -1 disappeared, but the formation and increase in the peak intensity at 1701 cm -1 are observed alternatively in Fig. 4 (d -f) . This band is attributable to the C=O stretching vibration on the backbone of PPy. 16 The formation of a carbonyl group on the 42 ANALYTICAL SCIENCES JANUARY 2002, VOL. 18 PPy backbone at higher concentrations of oxidizing agent suggests that the auto-overoxidation occurred during the polymerization, resulting from the high standard redox potential and concentration of (NH4)2S2O8. The results of UV-vis and FT-IR measurements show that the one-step preparation of oPPy colloid can be achieved using the higher concentration of (NH4)2S2O8 as an oxidizing agent.
Uptake and enantioselectivity of oPPy colloid
The pH of an alanine-oPPy dispersion was adjusted to 1.0 in order to dissociate alanine to the cationic form (pKCOOH = 2.35). The negative charge due to the high electron density of a carbonyl group (or a carboxylate 16 ) on the oPPy colloid acts as a driving force for the uptake of positive charged alanine in the pH 1.0 media (Fig. 1) . The enantioselective uptake of alanine toward L-lactic acid-templated oPPy colloid was investigated to evaluate the performance of this technique.
As seen in Table 1 , the oPPy colloid, which was prepared by the one-step-procedure (Scheme 1) using a 0.3 M (NH4)2S2O8 solution, exhibited an excellent ability of uptake toward Lalanine (11.3 µmol/g-colloid) over D-alanine (3.6 µmol/g). On the other hand, the electrochemically overoxidized oPPy colloid (see Experimental section) showed uptake of 6.53 and 0.67 µmol/g for L-and D-alanine, respectively. 24 Although the onestep prepared oPPy colloid showed the lower enantioselectivity (L/D ratio, 3.1) than that of two-steps prepared oPPy colloid (L/D ratio, 9.8), the uptake amount of the one-step prepared oPPy colloid toward L-alanine was more excellent. This means that the excess of oxidizing agent leads to the formation of more complementary cavities on the oPPy colloid via overoxidation.
Size effect on the uptake selectivity
In uptake experiments, 52.0 mg of oPPy colloid was added into a 1.0 × 10 -4 M alanine solution (5 mL). Figure 5 represents the effect of molecular volumes of various amino acids on the uptake into the oPPy. Uptake of amino acids excluding alanine decreases with an increase in the molecular volume. Although glycine exhibited the greatest uptake amount due to the smallest side chain, the oPPy templated with lactic acid (56.424 nm 3 ) few of took up the amino acids which are larger than serine. The molecular volume of amino acid depends on the size of side chain (Table 2) , and the differences between alanine and serine or between serine and threonine are attributed to volume increase of OH and CH3 substituents, respectively. These results indicate that the molecularly imprinted cavity on the oPPy colloid can effectively recognize the existence of the OH or CH3 substituents. Although the oPPy colloid showed lower uptake amount toward L-aspartic acid (0.6 µmol/g), the oPPy colloid had a constant enantioselectivity (L/D ratio, 3.2). We can conclude here that the polymers prepared with this novel technique can be applied to tailor-made stationary phases in the HPLC technique as well as to a highly selective soluble adsorbent for amino acid.
Conclusions
It has been found that the new molecular imprinting technique discussed in this paper is useful and highly efficient with respect to enantioseparation. Further, this technique, though based on a simple chemical polymerization procedure, can obtain an artificial polymer with a precisely controlled recognition template, and the auto-overoxidation with a (NH4)2S2O8 allows synthesizing such a polymer in a just one step. The "one step" preparation of polymer colloid provides a dramatically simplified technique, and the colloid prepared in this way exhibits an excellent uptake capacity and enantioselectivity towards L-alanine over D-alanine together with superior sidechain resolution. Therefore, the excellent space recognition ability of the tailor-made polymer presented here seems to promise many potential applications in analytical separation chemistry, such as a stationary phase in HPLC when loaded as a surface film. 
